Reaction of a sterically hindered aniline with a sterically non-hindered arylisocyanate produces the sterically hindered aryl isocyanate in good yields besides the urea derived from the unhindered aryl isocyanate. [6] or N-organo-N-silyl carbamic acid esters [7] have also been described. In the latest literature, isocyanates were reported to have been prepared by catalytic oxidation of isothiocyanates [8] . For further details, the reader is referred to re cent reviews [5, 9, 10] .
. As a more fundam ental strategy, the metathesis-like equilibrium X -N = C = 0 + Y -N H 2 ^ X -N H 2 + Y -N = C = 0 might be envisaged for the synthesis of the isocya nate Y -N = C = 0 from the isocyanate X -N = C = 0 , provided that the equilibrium can be shifted to the proper side. Recently, we could indeed observe a similar reaction of isofft/ocyanates [17] : e.g. phenyl isothiocyanate with a sterically hindered aniline pro duces diphenylthiourea and the sterically hindered isothiocyanate. Therefore, in the present investiga tion a study was carried out, using the sterically non hindered phenyl isocyanate (1) and a sterically hin dered aniline 2 (Scheme 1). 
Experimental
General methods: Melting points were determ ined in open capillary tubes on a Tottoli apparatus and are reported uncorrected. IR spectra were recorded on a Perkin-Elm er 281 spectrom eter using liquid films or KBr disks. The NM R spectra were measured with Varian EM 360 or Bruker WM 400, 13C NM R spectra with B ruker WP 80 and WM 400 spectrom e ters, TMS as internal standard. Mass spectra were taken with the MAT-711 spectrom eter, inlet tem per ature ca. 200 °C, ionisation energy 70 eV. The start ing anilines 2 were either commercially available or prepared by reported m ethods [18] [19] [20] [21] ,
Preparation of substituted arylisocyanates 5 a -f
General procedure: Aniline 2 (10 mmol) and phenylisocyanate (1) (2.98 g, 25 mmol) were heated under reflux for 4 -5 h in an oil bath (190°), w here upon a white crystalline sublimate of 1,3-diphenylurea (6) appeared in the condenser. The reaction mixture was cooled and quenched with ether (for compounds a, b, and d) or with dichloromethane (for compounds c, e, and f). The precipitated urea 6 was filtered off, and the filtrate was concentrated to a small volume and purified by passing through a col umn of silica gel using petroleum ether (b.p. 60-90 °C) alone (compound c), a mixture of petrole um ether: dichlorom ethane = 9:1 (compounds a, b, d), or a mixture of petroleum ether: dichloro m ethane = 8:2 (com pound f). Compound e was eluted with a 1:1 petroleum ether: dichloromethane m ixture. The required isocyanate was usually the first fraction. The products were further purified by recrystallization or vacuum distillation. Elution of the second fraction from the column chrom atography of the reaction products of 2 ,6-diisopropylaniline (2b) and phenylisocyanate (1 ) (see above) gave 20% of another oil which proved to be 7. IR (liquid film): 2150 (N = C = N ) cm -1. -*H NMR (CC14): 1.25 
Results and Discussion
The reaction of sterically hindered anilines, as 2 a-f, with phenylisocyanate (1) at tem peratures around 190 °C in fact produces the sterically hin dered arylisocyanates 5 a-f and the unhindered aniline (4), which is trapped by the excess of 1 to form 1,3-diphenylurea (6) (see Scheme 1).
The arylisocyanates 5 are easily recognized by their characteristic broad vN=c=0 at about 2270-2340 cm-1. Furtherm ore, NMR-and mass spectra as well as elementary analyses are in agree m ent with the arylisocyanate structure; 5 a -c have already been described in the literature [22] [23] [24] , The 13C NM R spectrum (CDCI3 , 100.6 M Hz, see experim ental part) of 5 c as an example for the isocy anates 5 was easily assigned considering chemical shift arguments and relative intensities. Only two sig nals (i.e. d = 120.14 and 125.87) rem ained uncer tain. For 1 (5Co = 125.2 and 6C.! = 133.6 have been reported [26] , however, in the case of 5c {13C, 'H} coupled spectra clearly show that the signal at <5 = 125.87 corresponds to C -l (t, 37 Ch -ca• 9.5 Hz) and that at d = 120.14 to CO (br.s). A pparently, steric hindrance and/or substituent effects of the o-tertbutyl groups are responsible for the high-field shift of <5Co of about 5 ppm.
The formation of 5 presumably involves the asym metric 1,3-diaryl urea 3 as an interm ediate, 3 being the primary addition product of 1 and 2. In agree m ent with this hypothesis, the mixed urea 3c, iso lated from the reaction of 1 and 2c at 30 °C, gave 5c, when heated with an excess of 1. As has already been pointed out in the case of the similar reaction of phenylisothiocyanate with the anilines 2 [17] , 3 can also be in equilibrium with 4 and 5 (Scheme 1). As a consequence, we have to consider two coupled equilibria (a and b). The reaction is finally shifted via a and b to 4 and 5 by the use of a large excess of 1, which simultaneously removes 4 from equilibrium b as the relatively stable urea 6 .
The yields of the arylisocyanates 5 can be as high as 90%, however, especially in the case of the less hindered compounds 5a, b, many other by-products are form ed, two of which were isolated and charac terized, aside from 6 .
From the very complex reaction mixture of 2,6-diisopropyl-aniline (2b) with 1 the unsymmetric carbodiimide 7 could be obtained in pure form besides 5b . The purification progress of 7 can easily be checked by IR spectroscopy ( v n = c = n -2150 cm-1, being characteristically different from vN=c=0 ' see above). The carbodiimide 7 may be formed (Scheme 2) by dehydration of the unsymmetric 1,3-disubstituted urea 3 b, or by reaction of 1 with the sterically hindered isocyanate 5b (produced during the pro cess) via elimination of carbon dioxide, as previously reported for the synthesis of carbodiimides [27] .
Scheme 2.
A lthough our experim ents do not allow a decision in favour of one of the two pathways towards 7, the first would be not unreasonable since phenylisocyanate is a water-abstracting substance.
A second by-product was isolated from the reac tion mixture of the aniline 2 f and 1. By means of its analytical and spectroscopic data and authentic synthesis from 6 and 1 [25] , it was characterized as 1,3,5-triphenylbiuret (8). It is reasonable to assume that it had been produced by addition of 6 to a furth er molecule of 1 also in the original reaction mixture. nv n our sample are presented in the Experim ental Part. The assignment of the 'H NM R absorptions was made using shift argum ents (comparison with acetanilide and N-phenylmaleimide [29] ), relative in tensities and coupling constants. However, due to conform ational isomerism (?) in 8 [30] and a nonfirst-order character, the spectrum could not be fully analyzed. Therefore, only shift areas are given for the individual protons; the approxim ate 7-values are: 37 h .h ~ 6 -8 Hz; 47 H,H ~ 1 -2 Hz; 5/ H.H ~ 0 Hz.
The 13C NM R spectrum of 8, although reported [31] , has not been interpreted before. Our assign ments are again based on shift arguments (com pari son with acetanilide, N,N-diacetylaniline [32] and Nphenylm aleim ide), relative intensities and {13C, :H} coupled spectra. Interestingly, the present spectrum (in CDC13) differs from the reported one [31] (in DM SO -d6) in the num ber of signals. Since this ef fect might be due to conform ational isomerism (see above), we repeated the m easurem ent of our sample of 8 in DM SO -d6: two of the reported signals (d = 123.18, 119.56) were again absent. Obviously, the sample used by the authors [31] was not pure. The mass spectrum of 8 showed the same fragm entation pattern as reported [33] , however, the relative inten sities of the peaks were different.
A lthough the mechanistic details of the main and side reactions were not investigated, the process out lined here can be conveniently used for the prepara tion of sterically hindered arylisocyanates 5 from their corresponding anilines 2 without the necessity of using phosgene or applying any other complicated procedure. The yields of the desired products are usually high, if the amino group of 2 is sufficiently hindered (e.g. R = f-Bu, C6H S). In the case of lower alkyl groups (R = Me, /Pr) the yields are smaller, and side reactions prevail.
W hat are the reasons for this unique steric reaction control? Aside from a small relief of hindrance around the nitrogen atom in going from 2 and 3 to 5 [17] , we suppose that the dehydration of the mixed urea 3 to the carbodiimide 7 is hindered by bulky groups.
Since 8 was reported to be hard to purify [28] , and its melting point was found higher than the literature value [25] , the spectroscopic and analytical data of
